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transferring the drug component to not only corneum but also cuticle and corium and exhibiting 
excellent remedying effect against profound mycosis as well as latent mycosis by compounding 
liposome including an antimycotic agent as a main drug component. 

CONSTITUTION: An antimycoti£ agent (e.g. imidazole derivative or antibiotic substance) is 
dissolved in a solvent (e.g. alcohol or polyhydric alcohol). Ultrasonic vibration is applied to a mixture 
of the above solution, a phospholipid and water to obtain a liposome containing the antimycotic 
agent included in the membrane or microsome of the phospholipid. The liposome is compounded as 
a main drug component. The amount of the antimycotic agent included in the liposome is 0.01- 
10wt.%, preferably 0.1-5wt.% and the amount of the phospholipid to be used in the formation of 
liposome is 0.1-10 pts. per. 1 pt. of the antimycotic agent. 
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Specification 

1. Title off the Invention 

Anti-fungal preparation for external application 

2. Scope of Claim for a Patent 

An anti-fungal preparation for external application characterized by 
comprising as a main component an anti-fungal agent encapsulated in liposomes. 

3. Detailed Explanation of the Invention 

[Industrial Field of Utilization] 

The present invention relates to an anti-fungal preparation for external 
application. More specifically, the present invention relates to an anti-fungal 
preparation for external application with a high degree of safety and capable of 
improving the percutaneous absorption to retain the medication in epidermis and 
dermis of the skin when topically applied to the skin. 

[Prior Art] 

Anti-fungal preparations for external application in the form of an ointment, 
lotion or the like are known which comprise undecylenic acid, salicylic acid, iodine, 
tolnaftate, clotrimazole, siccanin and the like. 

[Problems to be Solved by the Invention] 

When the anti-fungal preparation for external application is percutaneously 
administered, the amount of the absorbed medication is insufficient because of the 
barrier function of horny layer of the skin, so that sufficient efficacy of the medication 
cannot be obtained. In fact, such an anti-fungal preparation for external application 
has activity only against superficial ringworm which is characterized in that a portion 
of the skin parasitized by dermatophyte is limited to the horny layer of the skin, and 
exhibits no activity against deep-seated ringworm in which the dermatophyte 
penetrates into the dermis or underneath the dermis. Therefore, there is the 
problem that a perfect cure cannot easily be obtained because the symptom is 
coming back again in conjunction with turnover of the skin cells even though the 
surface of the skin once appears to be cured. No effective means has been found. 
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[Means for Solving the Problems] 

The inventors of the present invention have made intensive researches in 
consideration of the above-mentioned circumstances. As a result, it has been found 
that skin penetration performance is improved by blending as a main component an 
anti-fungal agent encapsulated in liposomes, so that the medication can stay on the 
horny layer and further extend to the epidermis and dermis, whereby excellent 
curative properties against both superficial mycosis and deep-seated mycosis can be 
exhibited. The present invention has been thus accomplished. 

Namely, the present invention relates to an anti-fungal preparation for 
external application comprising as a main component an anti-fungal agent 
encapsulated in liposomes. 

The anti-fungal agent for use in the present invention includes imidazole 
derivatives, antibiotics and so on. Examples of the imidazole derivatives are 
clotrimazole, miconazole, econazole, ketoconazole, and the like. Such imidazole 
derivatives work to directly block the cell membranes of fungi, and also have an 
inhibiting effect on ergosterol synthesis. The imidazole derivatives exhibit 
antibacterial spectra including almost all kinds of fungi and extending to a part of 
bacteria such as Staphylococcus and the like, and their antimicrobial activities are 
strong, so that those derivatives are widely employed. In addition, the antibiotics 
include siccanin and pyrrolnKrin, and in addition, tolnaftate, tolciclate, 
cyclopiroxolamine, salicylic acid, iodine, exalamide, undecylenic acid, and the like. 

The liposomes for use in the present invention can be obtained by applying 
ultrasonic vibration to a mixture of three components, i.e., an anti-fungal agent 
dissolved in a solvent, phospholipid, and water. The liposomes are spherical 
vesicles consisting of one or more bilayer phospholipid membranes, and the 
liposomes are formed in such a configuration that the anti-fungal agent is trapped 
(encapsulated) in the phospholipid membranes or within the vesicles. 

The solvents used for dissolving the anti-fungal agent therein include 
alcohols, polyols and the like. Examples of the alcohols are ethanol, propanol, 
isopropanol and the like. Examples of the polyols are polyethylene glycol 300, 
polyethylene glycol 400, polyethylene glycol 600, glycerin, 1,3-butylene glycol, 
propylene glycol and the like. In addition to the above, there can be employed 
isopropyl myristate, crotamiton, acetone, methylethyl ketone and so on. 

To obtain the liposomes, there are various methods in addition to the above, 
for example, the vortex mixing method, thin-film forming method, surfactant removing 
method, injection method, French press method, reverse phase evaporation method 
and the like, from which a proper method may be selected depending upon the 
characteristics of the anti-fungal agent, so as to prepare the liposomes before 
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blending. Further, cholesterol, glucose, amino acid, higher alcohol, nonionic 
surfactant, ionic surfactant and the like may be added for the purpose of stabilizing 
the liposomes. The phospholipid used to obtain the liposomes includes soy-bean 
phospholipid, egg-yolk phospholipid, hydrogenated soy-bean phospholipid, 
hydrogenated egg-yolk phospholipid, synthetic phospholipid and the like, and those 
phospholipids may be used alone or two or more kinds may be used in combination. 

In the present invention, the anti-fungal agent to be encapsulated in the 
liposomes is added in an amount of 0.01 to 10% by weight, preferably 0.1 to 5% by 
weight, in consideration of the pharmacological activity. The phospholipid used for 
preparation of the liposomes is added to obtain such a concentration where the 
amount of the phospholipid may be 0.1 to 10 times that of the anti-fungal agent. If 
the anti-fungal agent is mixed in an amount of 0.01% by weight or less, desired 
effects cannot be obtained. When the anti-fungal agent is mixed in an amount of 
10% by weight or more, preparation of the liposomes is made difficult. Further, if the 
amount of the phospholipid is 0.1 times or less that of the anti-fungal agent, the entire 
anti-fungal agent cannot be encapsulated in the liposomes. On the other hand, 
when the amount of the phospholipid exceeds 10 times that of the anti-fungal agent, 
too much phospholipid will make the preparation of liposomes difficult. 

Any anti-fungal agents exhibited a LD50 in mice of 1000 mg/kg or more. 

[Examples] 

The present invention will now be explained in more detail with reference to 
Examples, which are not intended to be limiting the present invention. The numbers 
given in the formulations indicate percentage by weight. 



Example 1 Cream product 




1. Squalane 


9.0 


2. Stearyl alcohol 


0.5 


3. Cetyl alcohol 


0.5 


4. Polyoxyethylene (20) sorbitan monostearate 


1.5 


5. Sorbitan monooleate 


2.3 


6. Octyldodecyl myristate 


8.5 


7. Vaseline 


4.0 


8. Purified water 


33.8 


9. Crotamiton 


5.0 


10. Polyethylene glycol 400 


5.0 


11. tolnaftate 


3.0 


12. Hydrogenated soy-bean phospholipid 


9.0 





13. Purified water 



17.9 



Total 100.0 



The component 11 (tolnaftate) dissolved in a mixture of the components 9 
and 10 was added to the components 12 and 13 and the obtained mixture was 
subjected to ultrasonic stirring, whereby liposomes were prepared. 

The components 1 through 7 were heated to 80*0 and dissolved, and 
thereafter the component 8 previously heated to 80t3 and dissolved was added to 
the mixture of the components 1 through 7 to cause emulsification. Then, the 
mixture was cooled to 301C. The liposomes prepared using the components 9 
through 13 were added to the above mixture, followed by stirring and mixing, so that 
a cream product was obtained. 

Example 2 Lotion product 

1. Ethanol 5.0 

2. Purified water 53.5 

3. Ethanol 10.0 

4. Clotrimazole 1 .0 

5. Hydrogenated soy-bean phospholipid 7.0 

6. Purified water _ 23.5 



The component 4 (clotrimazole) dissolved in the component 3 was added to 
a mixture obtained by dissolving the component 5 in the component 6 at 70*C, and 
the obtained mixture was subjected to ultrasonic stirring to prepare liposomes. 
Subsequent addition of the components 1 and 2 provided a lotion product. 

Example 3 Lotion product 

1. Ethanol 10.0 

2. Glycerin 4.0 

3. 1 ,3-butylene glycol 3.0 

4. Purified water 40.9 

5. Hydrogenated egg-yolk phospholipid 3.5 

6. Cholesterol 0.1 

7. Siccanin 0.5 

8. Isopropyl alcohol 14.0 

9. Purified water 24.0 



Total 100.0 



Total 100.0 
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The components 5 and 7 dissolved in ether were placed in an evaporation 
flask, and the ether component was distilled away using an evaporator. To the 
resultant mixture, the component 9 was added, followed by stirring at 60*0. 
Subsequently, the components 6 and 8 were dissolved in the above mixture and the 
obtained mixture was then cooled to 30 "C to prepare liposomes. After the 
components 1 through 3 were stirred and dissolved, the component 4 and the 
liposomes prepared using the components 5 through 9 were added to the mixture of 
the components 1 through 3, followed by stirring and mixing, so that a lotion product 
was obtained. 



Example 4 Cream product 

LSqualane 7.0 

2. Octyldodecyl myristate 5.0 

3. Refined beeswax 3.0 

4. Liquid paraffin 2.0 

5. Glycerin 2.0 

6. Sorbitan monooleate 2.5 

7. Polyoxyethylene (1 5) cetyl ether 1 .5 

8. Purified water 45.0 

9. Hydrogenated egg-yolk lecithin 6.0 

10. Polyoxyethylene (60) hydrogenated castor oil 0.5 

11. Miconazole 2.0 

12. Purified water 23.5 



Total 100.0 

The component 11 (miconazole) and the components 9 and 10 were 
dissolved in the component 12, and the obtained mixture was subjected to ultrasonic 
vibration to prepare liposomes. 

The components 1 through 7 were heated to 80 *C and dissolved, and 
thereafter the component 8 previously heated to 80'C and dissolved was added to 
the mixture of the components 1 through 7 to cause emulsification. Then, the 
mixture was cooled to 30 1:. The liposomes prepared using the components 9 
through 12 were added to the above mixture, followed by stirring and mixing, 
whereby a cream product was obtained. 

[Effects of the Invention] 

The effects of the present invention result from the preparation in which the 
anti-fungal agent encapsulated in liposomes is blended as a main component, 



thereby providing an anti-fungal preparation for external application capable of 
enhancing the percutaneous absorption of the main component and retaining the 
main component in the epidermis and dermis of the skin, and exhibiting excellent 
efficacy when topically applied to the skin for treatment. 

Then, the effects of the invention will be demonstrated by the results of 
experiments with animals, concentration distribution tests, clinical trials and 
incubation tests. 

(Experiments with Animals) 

Twenty guinea pigs which had been made hairless two days before were 
separately used for the group of the cream of Example 1 and the group of a cream 
obtained in Comparative Example 1 shown below. 0.5 ml of a suspension of 
Trichophyton rubrum, i.e., one of the dermatophytes, was applied to the area of 10 x 
10 cm 2 on the back portion of each guinea pig and rubbed in gently to cause fungal 
infection. The above-mentioned suspension was prepared 24 hours before the 
infection by mixing a fungi suspension showing an absorbance of 0.4 with Nervina 
nutrient broth at a ratio of 2:1, followed by incubation at 28X2. Treatment was 
provided in such a manner that the cream product of Example 1 or Comparative 
Example 1 in an amount of 1 g was given to the infected area once a day over a 
period of 7 days from the third day after infection. The change in the condition of the 
infected area was visually observed. The results are shown in Table 1 . 

Comparative Example 1 Cream product 

A cream was prepared in the same manner as in Example 1 except that the 
component 11 used in the formulation for the cream product of Example 1 was not 
encapsulated in the liposomes and mixed as it was. 

As can be seen from the results of Table 1, the cream product comprising the 
anti-fungal agent, i.e., tolnaftate encapsulated in liposomes exhibits an excellent 
curing effectiveness against the dermatophyte, Trichophyton rubrum, and is therefore 
found to be effective as an anti-fungal preparation for external application. Further, 
Examples 2, 3 and 4 produced similar results. 
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Table 1 Results of Animal Experiments 





arm I Jt 

Example 1 


Comparative example i 


Number of auinea pigs 


20 


20 


Siqnificantlv effective 


15 


10 


Effective 


4 


6 


Sliqhtly effective 


1 


2 


Ineffective 


0 


2 


Effectiveness 


19/20=95% 


16/20=80% 



(Concentration Distribution Tests) 

Using 14 C-labelled clotrimazole, the lotion of Example 2 and a lotion obtained 
in Comparative Example 2 shown below were investigated for the skin permeability, 
concentration distribution and percutaneous absorption in such a manner that 0.5 ml 
of the lotion was applied to the area of 5 x 10 cm 2 on the back portion of each 
hairless rat and then the concentration distribution was determined by means of 
autoradiography after the agent was allowed to work for 12 hours. The results are 
shown in Table 2. 

Comparative Example 2 

A product was prepared in the same manner as in Example 2 except that the 
components 4 and 5 were not dissolved in the component 3 to prepare the liposomes, 
but mixed with the components 1 , 2 and 6 as they were. 

As can be seen from the results of Table 2, the lotion comprising the 
anti-fungal agent, i.e., clotrimazole encapsulated in liposomes exhibits excellent 
percutaneous absorption, so that the agent can extend to the epidermis and the 
dermis of the skin. Therefore, the above-mentioned lotion is found to have 
effectiveness against not only superficial dermatophytosis, but also deep-seated 
dermatophytosis. Further, Examples 1 , 3 and 4 similarly produced good results. 



Table 2 Concentration Distribution within Tissues 





Example 2 


Comparative 
Example 2 


Concentration 
(mcg/cm 3 ) 


Concentration 
(mcg/cm 3 ) 


Epidermis 


Horny layer 
Prickle-cell layer 


70-120 
30-60 


30-80 
3-6 


Dermis 


Papillary layer 
Reticular layer 


40-60 
20-30 


1-2 
0.1 - 0.5 


Subcutaneous tissue 


< 10 


<0.1 



(Clinical Trials) 

Volunteers were recruited for the clinical trials. Among the volunteers, 48 
subjects were selected who were suffering from ringworm, particularly limited to 
interdigital ringworm, and proved positive for the fungi on microscopic examination. 
An appropriate dose of the lotion of Example 3 or a lotion obtained in Comparative 
Example 3 shown below was applied to the infected area twice a day. The 
observation time was basically set to two weeks. The side effects were recorded 
with respect to a burning sensation at the application, rubefaction and itch, as well as 
contact dermatitis. The results are shown in Tables 3 and 4. 

Comparative Example 3 

A lotion product was prepared in the same manner as in Example 3 except 
that the component 7 used in the formulation for the lotion of Example 3 was not 
encapsulated in the liposomes and mixed as it was. 

As can be seen from the results of Tables 3 and 4, when the anti-fungal agent, 
i.e., siccanin in the form of liposomes is blended, excellent curing effectiveness 
against Trichophyton is exhibited and the side effects are found to be reduced. 
Further, Examples 1 , 2 and 4 similarly produced good results. 



Table 3 Assessment as to Efficacy 





Example 3 


Comparative Example 3 


Number of cases 


25 


23 


Siqniflcantlv effective 


14 


6 


Effective 


7 


8 


Slightly effective 


4 


6 


Ineffective 


0 


3 


Effectiveness 


21/25=84% 


14/23=61% 



Table 4 Side Effects 





Example 3 


Comparative 
Example 3 


Number of cases 


25 


23 


Number of cases where side effects were caused 


1 


6 


Types of 
side effects 


Burnina sensation 


0 


2 


Rubefaction 


1 


2 


Itch 


0 


1 




Dermatitis 


0 


1 
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(Incubation Tests) 

Ten rabbits which had been made hairless the day before were separately 
used for the group of the cream of Example 4 and the group of a cream obtained in 
Comparative Example 4 shown below. 2 ml of a solution containing Candida 
albicans at a concentration of 1 x 10 3 to 3 x 10 3 per milliliter was applied to the area 
of 10 x 20 cm 2 on the back portion of each rabbit to cause fungal infection. 
Treatment was provided in such a manner that the cream of Example 4 or 
Comparative Example 4 in an amount of 2 g was applied to the infected area twice a 
day over a period of 10 days from the second day after infection. Thereafter, the 
skin was peeled off and a part of the epidermis tissue and a part of the dermis tissue 
were subjected to incubation to check the presence of the fungi. The incubation 
results were assessed on each of the 3rd, 5th, 7th, 14th and 28th days (the number 
of days for incubation). 

The number of rabbits where the fungi of Candida albicans were recognized 

is given in Table 5. 

Comparative Example 4 Cream product 

A cream product was prepared in the same manner as in Example 4 except 
that the component 11 used in the formulation for the cream of Example 4 was not 
encapsulated in liposomes, but mixed as it was. 

As can be seen from the results of Table 5, when the anti-fungal agent, i.e., 
miconazole in the form of liposomes is blended, the number of fungi of Candida 
albicans recognized in the skin is reduced, which demonstrates an excellent curing 
effect. Further, Examples 1, 2 and 3 produced similar results. 



Table 5 Results of Incubation Tests 





Exam 


pie 4 


Comparative Example 4 


Epidermis 


Dermis 


Epidermis 


Dermis 


3rd day 


0 


0 


0 


0 


5th day 


0 


0 


2 


2 


7th day 


0 


1 


2 


3 


14th day 


1 


1 


3 


3 


28th day 


1 


2 


4 
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